a b s t r a c t Wild bees (apiformes) were studied in 4 crop fields and 8 refuge habitats for 2 -5 years in agricultural landscapes in the pleven and plovdiv regions of Bulgaria. in total, 233 bee species were recorded. Bee forage plants visited by the honey bee and wild apiformes are listed for each refuge habitat. species composition is given for individual habitats, including fields of alfalfa (medicago sativa), oilseed rape (Brassica napus), sunflower (Helianthus annuus), and radish (raphanus sativus). species richness and dominance structure of bee communities in the 2 regions are compared, and species responsible for significant differences are identified.
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Institute of Environmental Biology, Kazimierz Wielki University, 12 Ossolińskich Av., 85-093 Bydgoszcz, Poland 2 5800 Pleven, 23 San Stefano, ap. 4, Bulgaria introduction Although Bulgaria lies at the borders of several zoogeographic regions, the Bulgarian fauna of Hymenoptera, including wild bees (Apiformes), is poorly studied. Among the Apiformes, bumblebees are relatively well known, mostly thanks to Pittioni's (1938 Pittioni's ( , 1939 research on Bulgaria and the whole Balkan Peninsula, supplemented by Atanassov (1939 Atanassov ( , 1974 . Other wild bees have been investigated mostly by the latter author, e.g., Halictidae (Atanassov, 1960) and Xylocopa (Atanassov, 1962a) , who also published faunistic lists for the Balkan Mountains (Stara Planina) and the Petrič region (Atanassov, 1962b) , and from the island of Tasos (Atanassov, 1965) . In the 1970s and '80s, more attention was paid to pollinators of crop plants, especially alfalfa, and to yields of this valuable forage plant as well as human management of Megachile rotundata F. (= M. pacifica Panz.) for pollination of alfalfa seed production fields. Most information on this subject can be found in numerous publications by Dochkova and colleagues concerning the Pleven region (e.g., Dochkova, 1981a Dochkova, , b, 1982a Dochkova, , b, 1984 Dochkova et al., 1981a Dochkova et al., , b, c, d, 1984 Dochkova et al., , 1987 . Alfalfa pollination and pollinators from north-eastern Bulgaria (Ruse) were also investigated by Dimitrov (1984 Dimitrov ( , 1987 Dimitrov ( , 1990 Dimitrov ( , 1992a , Dimitrov et al. (1987) , and Dimitrov and Dimitrova (1991a, b) . Dimitrov et al. (1992) additionally studied pollinators of sunflower in the Ruse region. In the available literature, there is no information on the total number of bee species in Bulgaria, but the number is certainly high. Thus, the published literature currently includes only scanty reports on the bee fauna of this country. Here we present data on wild bees collected in 2 types of agricultural landscapes: in the Danubian Plain (Pleven region in northern Bulgaria) and in the Upper Thracian Plain (Plovdiv region in central Bulgaria). Material was collected in 1986 -1991, mostly along field margins and within fields of selected crop plants. The study aims were (1) to assess the diversity and abundance of Apiformes in these 2 types of agricultural landscapes and (2) to investigate the dominance structure of pollinating insects and their phenology in these regions.
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Bees of Bulgaria: species diversity material and metHods Field research was conducted from April/May to September/October in 1986 -1991, but the number of years varied between regions and individual study sites, as explained in the list of study sites below. In the first year, research was initiated in late July. The insects were caught with an aerial insect net by searching on flowers and in favorite bee nesting sites. Bee abundance was assessed once or twice a month using the transect method (Banaszak, 1980) , which consists of walking along a linear transect (200 m long, 1 m wide) and counting or, if necessary, catching observed insects. The investigations were conducted in conditions favorable for bee activity, i.e., when air temperature was ≥20ºC and the wind was not strong. Obviously, we did not catch the species that could be readily identified, such as the honey bee and some of the larger wild bees. Each sample was composed of insects noted or caught in an area of 200 m 2 . Bee abundance was next calculated and expressed as number of individuals per hectare. On every sampling occasion, 2 such samples were collected at each site. In further analysis, those coupled transects are considered as one sample. While counting the insects, we also recorded species of visited bee forage plants. As a result, a list of bee forage plants was compiled for individual sites. To identify differences in the structure of wild bee communities between the study sites located in two agro-ecological landscapes (Pleven and Plovdiv), we used non-metric multidimensional scaling (NMDS). Similarity between samples was assessed on the basis of Bray-Curtis distances because of their close association with changes in community composition (Faith et al., 1987) . Ordination was used for the samples where at least 5 individuals were observed, and the variables were the species represented by at least 5 individuals. The results reflected major patterns in the communities. Statistical significance of differences between communities (groups of samples) was assessed using a multi-response permutation procedure (MRPP). This method tests a hypothesis that there are no differences in species composition between study sites (Zimmerman et al., 1985; Bonner et al., 2009) and is based on the matrix of Bray-Curtis distances to compare mean dissimilarity within groups to dissimilarity between groups. The method estimates not only statistical significance but also the A statistic and is a measure of within-group homogeneity compared to random homogeneity. Its value varies from 0 (random) to 1 (all elements identical in the group). MRPP (similar to ANOSIM and ADONIS) may be used to indicate differences between groups of objects in multidimensional space (Dufrêne and Legendre, 1997; Hannon and Sisk, 2009) . To identify which species in the community are responsible for the lack of homogeneity between groups of samples, we calculated indicator values (IndVal) of bee species recorded in those areas (Dufrěne and Legendre, 1997) . The IndVal is based on within-species abundance and occurrence comparisons in specified group. In addition, the IndVal method makes it possible to evaluate the strength of association between a given species and a given habitat. For this reason, IndVals were calculated for the whole collected material. If an IndVal was higher than 0.24, then the species was classified as strongly associated with the given habitat. The significance of IndVals was confirmed by a randomization procedure with 1000 replications. The above analyses were performed in the R software environment (R Development Core Team, 2008) with the use of vegan (Oksanen et al., 2011) and labdsv libraries (Roberts, 2010) . To compare species diversity between the landscapes and between individual sites, we used species accumulation curves, which are analytical estimates (using the MaoTau estimator) of the expected number of species for the given number of samples (Gotelli and Colwell, 2001) . As Gotelli and Colwell (2010) observed, lack of independence between samples can be neglected if rarefaction curves are functions of the number of samples. Comparison of species richness with unequal sampling effort, which incorporates sample-based rarefaction curves, is often used (Calvillo et al., 2010; Banaszak-Cibicka and Żmihorski, 2012; Żmihorski et al., 2013) . To estimate the true species number, we applied 2 estimators: Chao2 (Chao, 1984) and Jackknife2 (Burnham and Overton, 1979) . Chao2 is a simple estimator of the true species number (S * chao2 ) in the community, based on the number of observed species (S obs ) and rare species in the collected material, i.e., those present in a single sample (a) or in 2 samples (b):
The estimator is the lower limit of the estimation and serves well for data sets where most information is concentrated in low-frequency classes, i.e., where a majority of species are rare. First-and second-order jackknife estimators are methods for reducing estimation error. Second-order jackknife estimates the true species number on the basis of the number of species present in a single sample (uniques, L) and in 2 samples (duplicates, M):
Individual-based rarefaction curves and expected species richness were calculated using Estimate S software (Colwell, 2006) . To compare bee dominance structure between crop fields and semi-natural habitats, we used the evenness index (E Q ), which is not correlated with species number (S) (Smith and Wilson, 1996) , as well as the slope angle of rank-abundance curves for most frequent species (top 40%) in the community. The latter measure was used to describe the initial dominance structure. To obtain dominance structure, we used pooled samples for a given study site. Ranks (x) of species were scaled (x/S) so that the species with the highest contribution to the dominance structure had a value close to 0 while the rarest one had a value equal to 1. E Q was calculated according to the formula: 1986 -1989) .
Bees of Bulgaria: species diversity 3. Irrigation ditch near maize (Zea mays). Samples (53) collected April -September for 4 years (1986 -1989) . 4. Ditch edge. Samples (61) collected April -October for 5 years (1986 -1990) . 5. Alfalfa (Medicago sativa). Samples (51) collected from flowering seed production fields from June to early August for 5 years (1987 -1991) . 6. Sunflower (Helianthus annuus). Samples (9) collected June -July for 2 years (1988 -1989) . 7. Oilseed rape (Brassica napus 'Elena', 'Tobin', and a Canadian cultivar). Samples (24) collected from April to mid-June for 2 years (1990 -1991) . 8. Radish (Raphanus sativus 'Omega'). Samples (11) collected from mid-May until mid-June for 2 years (1990 -1991) .
ii. upper thracian plain, plovdiv region As in the first region, the agricultural landscape was studied at 3 sites dominated by ruderal vegetation with some species typical of xerothermic grasslands. Trees and shrubs were very infrequent there. results overall species diversity In total, 7046 wild bees of 232 species were collected and are now part of the personal collection of Prof. J. Banaszak in Bydgoszcz (Tab. 1). In the Pleven region, 206 species were found, whereas in the Plovdiv region, only 112 species were identified. Nonetheless, this disparity does not mean that the bee fauna of the Plovdiv region is poorer; material was collected there for only 2 years (total: 963 bees). In the Pleven region, it was collected for 6 years (total: 6007 bees). The expected cumulative number of wild bee species for these 2 regions indicates that species richness and diversity were similar in both. Thus, the smaller number of species reported from Plovdiv results from the shorter study period. Interpolation of results for the same number of samples suggests that species richness may be even greater for the agricultural landscape near Plovdiv. Species numbers estimated for Pleven and Plovdiv for similar numbers of samples do not differ significantly (overlapping 95% confidence limits) (Fig. 1) . Good estimators of the true species number for a small number of samples are Jackknife2 and Chao2 (Collwell and Coddington, 1994 contribution of apis mellifera and wild bees Before discussing the dominance structure of wild bees, we should mention the contribution of honey bees to the studied ecosystems of the agricultural landscape. However, we discuss this question in detail in a separate publication (Banaszak et al., "unpubl. data") , for methodological reasons (it is difficult to match the number of wild bees observed during field research to species identified later), but also because the honey bee depends on location of apiaries and their size. Honey bees were present at all the study sites, both in refuge habitats (e.g., roadsides, ditch edges, or river valleys) and in fields. However, the contribution of honey bees was highly variable, depending mostly on food resources. Thus, its abundance was variable in refuge habitats, where, e.g., large numbers of honey bees visited in spring the abundantly flowering Lepidium draba but in summer visited Knautia arvensis, Lamium purpureum, Echium vulgare, and others. The proportion of honey bees to wild bees varied between habitats and sampling sessions, as is well illustrated by Figure 2 , where Apis mellifera was sometimes infrequent, whereas on another day and in a different place it accounted for 90% of the total. Its abundance varied from single individuals to 3 -5 × 10 Bees of Bulgaria: species diversity Bees of Bulgaria: species diversity Bees of Bulgaria: species diversity Bees of Bulgaria: species diversity These species were found mostly on herbaceous vegetation along the ditch in the Pleven region (over 13%), between the ditch and the maize field (nearly 12%), and in the alfalfa field (nearly 15%). Both eusocial species nest in dry and open habitats, as this study confirmed. Relatively frequent (46% of the total catch) were also Andrena flavipes, Halictus maculatus, Rhophitoides canus, and Evylaeus corvinum. Each of them at some study sites reached a high proportion of wild bees. Andrena flavipes was eudominant in the rape field (almost 16%) and radish field (20%), and its contribution was considerable (4 -6%) on the roadside, at the ditch edge, and along the ditch near a maize field. Halictus maculatus dominated (over 8%) in herbaceous vegetation along the ditch near maize (14%), at the ditch edge (about 9%), and on roadsides (about 5%). Rhophitoides canus was an overwhelmingly dominant flower visitor of alfalfa (over 32%, 315 individuals) in the alfalfa seed plantation, indicating that the habitat was probably a nesting site for this species. Bees of Bulgaria: species diversity
Evylaeus corvinum was a subdominant (about 11%) in herbaceous vegetation along the ditch and on slopes of the Vit valley near Pleven (over 13%, beside Evylaeus malachurus) whereas aboutand had a frequency of about 5 -6% as a flower visitor of sunflower and oilseed rape. Another noteworthy species was Andrena tringa, which was represented in our material almost exclusively by 55 and 58 individuals caught in fields of rape and radish, respectively. Thus, it must nest within the fields or in the immediate neighborhood because in the other refuge habitats, it was represented by only a single individual on herbaceous vegetation along the ditch. Two years of research at 3 study sites in the agricultural landscape of the Plovdiv region detected a very high contribution of Halictidae, very much like in the lowland near Pleven. The major species was Heriades crenulatus (about 4.2%) whereas the contribution of Andrena spp. was low. Systropha curvicornis was eudominant (about 22%) in the grass and shrub communities along railway tracks and dominant (10%) at the ditch edge and on the roadside (about 8%). This species is common in southern and central Europe to western and central Asia and is oligolectic, associated mostly with Convolvulus. It is recorded in summer, nesting in large aggregations, in nests up to 12 -18 cm deep. Eudominants included also Halictus resurgens (about 12%), which was most numerous at the edge of the ditch (about 19%) and on the roadside (over 13%). Another frequent species was Evylaeus truncaticollis (about 9%), which was eudominant on the roadside (over 18%). In comparisons of dominance structure (rank-abundance) (Fig. 3) , the Student's t test showed a significant difference (p = 0.02) between E Q values for crop fields (mean 0.2684) and refuge habitats (mean 0.3159). Lower values for fields were associated mostly with low species number and their high dominance in the community, as was confirmed by higher negative values of slope angle for most frequent species in fields compared to semi-natural habitats (means -4.57883 and -3.12336, respectively; Student's t test: p<0.001). Higher E Q values for bee communities of refuge habitats resulted from more even division of environmental resources Pleven-Brassica napus v. oleifera ,,Elena" , 1990
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Bees of Bulgaria: species diversity among bee species. These values were also reflected in the greater slope angle for the most frequent species in the community, i.e., smaller contributions of most frequent species. Substantial differences in bee community structure and composition between semi-natural habitats of the 2 landscapes were confirmed by the results of NMDS (Fig. 4) . Samples collected from semi-natural habitats of the agricultural landscape of Pleven are located mostly in the central part of the NMDS ordination diagram while samples collected from 3 sites in the Plovdiv region are in the left part. The multi-response permutation procedure confirmed significant differences between wild bee communities of the 2 regions (p<0.001, A = 0.0217), but at the same time confirmed a relatively low homogeneity of samples within the 2 groups of sites. The analyzed field habitats clearly differed in bee community structure. The calculated statistically significant IndVals for species (Tab. 2) made it possible to identify which of them are responsible for the observed differences. The analysis showed that different species were characteristic for the compared types of agricultural landscapes. The Pleven region was characterised by the presence of Evylaeus malachurus and Halictus simplex/eurygnathus. Species with lower IndVals were Andrena flavipes and Halictus quadricinctus. The bee community of the Plovdiv region was distinguished primarily by the presence of Evylaeus lucidulus, Systropha curvicornis, and Halictus resurgens. Additionally, E. truncaticolle showed a lower fidelity and constancy in samples.
discussion
Bulgaria lies along the borders of several zoogeographic regions, near the Mediterranean basin, Black Sea, and Central Europe. Its location undoubtedly is one reason for its great diversity of animals, including bees, although the latter remain poorly studied. There is little published information on the diversity of Apiformes in this country, with no documented list of bee species and not even any estimates. . Distances between them reflect similarity between bee communities in both abundance and diversity based on the Bray-Curtis dissimilarity index. Atanassov (1972a, b) in the Balkan Mountains (Stara Planina) found 189 species of Apiformes. From the Petrič region, he reported 119 species (Atanassov, 1965) , and from the island of Tasos, 27 species (Atanasov, 1965) . Dimitrov (1987) and Dimitrov et al. (1987) near the city of Ruse (also known as Russe or Rousse) listed 40 -51 bee species from an alfalfa field. Atanassov's (1960) study on the Halictidae brought information about 60 species, which certainly does not reflect the true number of species of this family. Dochkova et al. (1987) in an earlier study of the Pleven region, listed 85 species collected in fields of Medicago sativa, Trifolium pratense, Lotus corniculatus, and Onobrychis sativa. In the present work, data from the Pleven region have provided information about the occurrence of 204 species but did not confirm 44 species reported earlier by the cited authors. Overall, with the current investigation, the total number of bee species recorded in the Pleven region has increased to 248 species. This short review of available data shows that the current knowledge of the bee fauna of Bulgaria concerns only a few local fauna with respect to natural habitats, as in the case of Atanasov's work. So far, the typically poorer agricultural landscape has been studied more extensively, although still at an initial stage. Predictions about true species richness concerning Pleven and Plovdiv indicate that up to 300 bee species can be expected. It is also interesting to compare percentage contributions of individual bee families to the apifauna of various agricultural landscapes in 3 countries: Bulgaria, Romania, and Poland. Contributions of major families are similar, especially of the Andrenidae, Halictidae, Megachilidae, and Anthophoridae (Fig. 5) . By contrast, there are large differences in contributions of the Colletidae and Apidae to the fauna of the compared landscapes. Some comments about bumblebees must be added. Their species diversity was very low; they were represented in this study by only 11 species in both lowlands (the other 4 were found during occasional sampling near Sofia), and their abundance was also extremely low. So far, a total of 29 species of Bombus have been found in Bulgaria (Pittioni, 1938; Atanassov, 1939) . In both lowlands, we caught only 337 specimens of bumblebees, which accounts for only 4.8% of the total. However, they were even less numerous in the agricultural landscape of Romania, where only 8 species were recorded (Banaszak and Manole, 1987) . This information indicates that bumblebees play a minor role in the farmland of the lowland part of the country, as confirmed by the negligible density of these insects in the investigated fields, especially in the sunflower field. Research on pollinators of this plant, conducted by Dimitrov et al. (1992) in north-eastern Bulgaria, showed that bumblebees accounted for 20% while honey bees accounted for 62%. In Romania in sunflower fields, honey bees pollinated almost 100% of flower heads (Banaszak and Manole, 1987) whereas in Poland, bumblebees accounted for 30% (Banaszak, 1984) . The low number of species of bumblebees and their low abundance in South European lowlands can be explained by the association of these insects with cooler climates, which has been reported previously Bees of Bulgaria: species diversity (Banaszak, 1996) . Most bumblebee species reported from Bulgaria live in submontane areas and in mountains (Atanassov, 1939) . Of note, in both investigated agricultural landscapes, the collected bees included very few or no parasitic species. In the study area, we found no Psithyrus spp., although at least 8 species exist in Bulgaria (Atanassov, 1939 (Atanassov, , 1974 . We recorded only 7 species of Sphecodes and 11 of Nomada. These findings confirm that parasitic species are found mostly in permanent ecosystems whereas agroecosystems and the associated field margins are temporary ecosystems. It is assumed that in permanent communities, the contribution of parasites is higher (Archer, 1995; Calabuig, 2000) . A lack or low contribution of parasites to the bee community indicates that the population of the host species is unstablei.e., that the host species has recently colonized the given site-or that its population size varies greatly between years, or that occurrence of the species is ephemeral and does not result from nesting at the site. This finding is consistent with reports of Banaszak (1983) , Cierzniak (2003) , and BanaszakCibicka and Żmihorski (2012) .
Among the investigated crop plant species, alfalfa pollinators are best studied. Research carried out by Dochkova et al. (1981a) in the Pleven region supplied information on the occurrence of 65 wild bee species; research by Dimitrov et al. (1987) near the city of Ruse detected 51 species. A comparable number (54 species) is reported in the present study. All the cited authors and the present study show that the major pollinators of alfalfa are Melitta leporina, Eucera clypeata, and Rhophitoides canus. According to Dochkova et al. (1981a) , R. canus was infrequent in 1978 -1979 . In the Pleven region, they observed a high abundance of Melitturga clavicornis, Megachile pilidens, Eucera longicornis, and E. interrupta. Dimitrov et al. (1987) in the Ruse region also recorded a high contribution of Bombus sylvarum. These differences probably result mostly from the time of insect collection, i.e., the flowering period (there are 3 possible flowering periods of alfalfa). (Banaszak, 1983 (Banaszak, , 1984 Banaszak and Cierzniak, 1998) , Romania (Banaszak and Manole, 1987) , and Bulgaria. The present studies of bees (Apiformes) in the agricultural landscape of Bulgaria showed the presence of 206 species in the Danubian Plain (the Pleven region) and 112 species in the Upper Thracian Plain (the Plovdiv region) (Tab. 1). The total of 7046 specimens of 232 wild bees species were collected. Regardless to the differences in the found numbers of species resulting from the different collection periods, the rarefaction curves calculated for both landscapes indicated similar diversity and species richness. The Pleven region was characterised by the presence of Evylaeus malachurus and Halictus simplex/ eurygnathus. Eusocial Evylaeus malachurus turned out to be the main, after the honey bee, pollinator of sunflower. The following species were weaker indicators: Andrena flavipes and Halictus quadricinctus. The communities of the Plovdiv region bees were strongly characterised by Systropha curvicornis, Evylaeus lucidulus and Halictus resurgens. In both studied lowlands, low species diversity and especially low abundance of bumblebees can be noticed. This can be explained by the fact that these species prefer cooler and more humid climate. Among the studied crops the composition of pollinators of alfalfa is examined to the broadest extent. 54 visiting species were found on this plant species with Rhophitoides canus, Melitta leporina and Eucera clypeata being the most abundant. Both plains were characterised by low number or lack of parasitic species. Apis mellifera was overwhelmingly dominant (80 -100%) pollinator of the studied plantations, with relatively small (at most 20% on rapeseed) share of wild bees.
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